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U,S.  Army  Biological  Laborat 
.  .  '  Fori  Detrick, 
Frederick,  Md, 


C 

tones, 


V.  r— "V  HH  search  for  liquids  and 
j  F*  vapors  for  sterilizing  cn- 
'•f%/  closed  areas  contaminated 
4*  with  microorganisms  prompted  in- 
vestigation  of  the  efficacy  of  vr.jxir- 

Qized  beta-piopiolactonc  Be*a-pio- 
piolactone*  (BPL)  is  an  alkylat- 
v  ing  agent  with  an  empirical 
if  formula  CH,.CH2.C=0,  similar  in 

V  / 

\  / 

O 

structure  to  ethylene  oxide.  It  is  a 
colorless  liquid  at  room  tempera¬ 
ture,  boils  at  I62.3°C.,  has  a  speci¬ 
fic  gtavity  of  1.1490,(1)  and  a 
vapor  pressure  of  about  3.4  milli¬ 
meters  of  mercury  at  25°C.  (2)  T  he 
vapor  £  nonflammable  and  non- 
corrosive  at  the  recommended  con¬ 
centration.  Commercial  grade  BPL 
(97  per  cent)  is  stable  for  several 
yean  when  stored  at  4°C.,(2)  and 
the  half-life  of  aqueous  solutions  is 
approximately  three  and  one -half 
hours  at  25®C.  (3)  These  character¬ 
istics,  in  addition  to  its  known 
bactericidal  and  sporiridal  action, 
justified  the  evaluation  of  BPL 
vapor  as  a  sterilant  for  aerosol 
vessels. 

The  sterilization  efficacy  of 
BPL  vapor  is  a  direct  function  of 
concentration,  relative  humidity, 
and  temperature.  A  temperature 
of  25®CL  or  higher,  is  desirable; 
the  effectiveness  of  the  disinfectant 
decreases  rapidly  at  relative  humi¬ 
dities  below  70  per  cent 

Although  BP!  has  several 
disadvantages  (toxicity.  solvent 
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anion),  it  sevend  respects 

superior  to  most  other  stcrilants. 
Among  the  advantages  of  BPL  :rc: 
(a)  it  has  good  bactericidal  pro¬ 
perties,  (b)  it  acts  rapidly,  ((-;  its 
residual  end-prix1  nets  re  easily 
neutralized  a. mi  are  read;;-,  soluble 


in  water,  an. 


i  its  vapors  are 
herebv  serves 


lachrymatory  /;t  thereby  serves 
its  own  warning  device) ,  but  3.~e 
less  irritating  than  these  of  other 
sterilants. 

The  aerosol  chamber  used 
in  these  tests  c>o:-ot  be  sealed  tc 
penrnt  sterilization  w:tn  steam 
undet  pressure,  ethylene  oxide  gas 
mixtures,  or  othe-  procedures  re- 
quin.ig  pressure  or  vacuum.  Use 
of  highly  corrosive  chemical  sprays 
such  as  peracet'r  acid  are  not  nor¬ 
mally  feasible  because  of  deleteri¬ 
ous  effects  on  the  materials  of  the 
chambers.  Until  May  •  956,  these 
chamber*-  were  sterilized  routinely 
by  admitting  formaldehyde  in  the 
presence  of  large  amounts  of  steam. 
For  safety  reasons,  ihr  vessels  were 
maintained  at  a  sl'ghtly  reduced 
air  pressure  (t.O  ;nrh  of  wafer' 
during  sterilization.  Altho -gh 
formaldehyde  h's  prod  satisfvr- 
tory,  in  many  c sues  its  ure  ivn 
posed  serious  operational  limita¬ 
tions.  The***  limuatioru  c;n  be 
summarized 


112  4 

(;i)  Foniividchyde  tends  to 
deposit  .solid  jxdymm  (e.g.  paia- 
lorm.-ildciisde)  that  are  diflu  nil  t<> 
neutralize  .uni  ren  o  ;■  alter  tile 
sterilization  process.  '  Iiese  | x *1  y rn- 
ers  slowly  i evert  to  f  M  intdilciiytle 
\  gas,  thtl.v  tic  .if'..;  ">‘  ••tlt’tli  of 

\\  acrat ioft  L  is  tweestary  ‘o  steam 

\\\  tint!  air-wttsh  the  chr.  *  'ft-  one 
\\\>r  two  2-hour  jxricKfs  followed  by 
•  A^h  -dr-wash  of  24  to  hoots' 
duration  to  renu  ve  the  polymeri¬ 
zation  products  and  to  prevent 
subsequent  release  of  formaldehyde 
v;ip«  r. 

(s  (b)  F.ven  when  the  for- 

.  m.dciehydc  vapor  concentration  is 

e.  reduced  below  the  detectable  limits 

„  of  i lie  chrotnotropic  acid  assav. 


oi  the  chrotnn'.ropic  anti  assay, 
there  sliil  may  he  a  residual  eifect 
.hat  wi  i  alfect  the  validity  of 
aerosol  da  a. 

(-:)  The  toxicity  of  hr- 
.nr.lc'ehy'.lc  '-spore  ar  ?!  pi. voters  to 
human  tissue  crcs  !?*;  a  problem, 
because  it  is  of'e.  necessary  for 
workers  to  enter  the  chambers  after 
sterilization  to  work  or  equipment 
or  rerrove  pieces  of  equipment  for 
repair. 

ftci  Procedure 

The  microorganisms  usetl 
in  the  evaluation  ot  BPL  were 
aerosolized  in  three  test  chambers 
with  capacities  of  i.0,000  liters, 
100,000  liters,  and  1,000,000  liters. 

Serratia  marcescens  and 
spores  of  Bacillus  subtilis  var.  nigrr 
and  Bacillus  anthracis  were  used  as 
test  organisms.  The  volume  of  test 
material  aerosolized  in  the  smaller 
chambers  v.-ried  from  10  to  35 
milliliters  of  a  suspension  contain¬ 
ing  ?  x  101,  organisms  pet  n  dh 
h ter.  bt  »hr  i  OOh.  MKk’itet  Cham- 
b*r,  100  miliditers  of  a  suspension 
ccntai.iing  2  x  1CU  organisms  per 
milliliter  was  uses' 

The  same  b«i-  return  was 
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followed  in  all  of  the  sierili/ation 
tests.  The  relative  humidity  (Kll) 
of  the  aerosol  ehantlier  was  adjust¬ 
ed  prior  to  the  dissemination  of 
the  HIM.  to  obtain  a  final  Kll  of 
80  to  85  per  rent.  Incomplete  dis¬ 
infection  results  if  the  KH  is  l>c- 
low  70  |>cr  cent:  if  the  KH  is  too 
high  condensation  occurs,  causing 
fallout  of  the  beta-propiolactone 
onto  the  surfaces.  Approximately 
15  minutes  prior  to  sterilisation 
the  BPL  to  be  disseminated  was 
mixed  with  water  in  a  1:5  ratio. 

Preliminary  tests  indicated 
that  three  milligrams  of  BPL  per 
liter  of  air  did  not  steriii/c  the 
test  chambers:  therefore,  the 
amount  of  BPL  was  increased  to 
give  an  air  concentration  of  ap¬ 
proximately  six  milligrams  per 
liter.  The  concentration  of  BPL 
vapor  in  the  air  was  measured  by 
withdrawing  air  samples  and  ana¬ 
lyzing  the  samples  spectro- 
metrically 

After  a  contact  period  of  30 
minutes,  an  additional  5  milli¬ 
grams  of  BPL  per  liter  of  chamber 
volume  was  disseminated  to  com¬ 
pensate  for  fallout  (as  condensa¬ 
tion)  of  the  vapor  and  to  maintain 
a  theoretical  concentration  of  six 
milligrams  of  BPL  per  liter  of  air. 
(See  appendix  B  for  disseminating 
devices  and  sources) .  A  final  co;-.- 
tact  period  of  one  hour  was  main¬ 
tained  (total  contact  time,  one  and 
one-half  hours) .  The  inside  of  the 
1 .000,900-1 iter  chamber  was  then 
washed  with  275  gallons  of  0.5 
per  cent  sodium  thiosulfate  solu¬ 
tion  to  neutralize  the  BPL.  The 
neutralization  treatment  was  fol¬ 
lowed  by  a  water  rinse  to  remove 
residual  thiosulfate  and  other  re¬ 
sidual  products.  Further  tests  have 
shown  that  no  thiosulfate  wash  is 
necessary  and  that  water  alone  is 
entirely  satisfactory. 

Following  the  BPL  contact 
(tcriml  and  subsequent  water  rinse, 
the  viable  test  mitrnorganistm  were 
detected  by  sampling  the  interior 
surfaces  of  the  chambes  with 
sterile  cotton  swabs  that  had  been 
immersed  in  physiological  saline. 
The  cotton  swab  samples  were 
streaked  on  media  suitable  for  the 


recovery  of  the  microorganisms 
under  test: 

Bacillus  anlhracis— five  per 
cent  sheep’s  blood  agar; 

Bacillus  subdlis  var.  /tiger 
—nutrient  agar;  and 

Scrratid  murcesrem— nutri¬ 
ent  agar  containing  0.5  per  cent 
Tamol  "N".# 

All  plate  samples  were  read 
alter  2-1  and  -18  hours  incubation 
at  optimum  tenq/crature. 

Tail  JVasulfs 

The  interiors  of  the  cham¬ 
bers  were  purposely  contaminated 
with  vegetative  cells  of  Serratia 
manrscens,  or  spores  of  either 
Bacillus  atithracis  or  Bacillus  sub- 
til’j  var.  niger.  A  total  of  39  steri¬ 
lization  trials  were  conducted  in 
the  three  chambers.  (Table  I) : 

Of  the  2850  surface  samples 
taken  following  these  sterilization 
tests,  only  one  sample  from  each 
of  two  different  trials  was  positive 
for  the  test  organisms.  The  failure 
to  achieve  sterilization  in  these  two 
trials  was  attributed  to  faulty  dis¬ 
persion  of  the  BPL  caused  by  (a) 
excessively  long  dissemination 
time,  and  (b)  the  solvent  action 
of  BPL  on  the  painted  inner  sur¬ 
face  of  the  disseminating  device. 
These  failures  are  indicative  of  the 
need  for  dispersing  the  BPL 
quickly  throughout  the  spaces  to 
be  sterilized,  (see  appendix  B) 
Rapid  dissemination  of  BPL  is  re¬ 
quired  to  compensate  for  the  ac¬ 
celerated  decay  of  BPL  when  aero¬ 
solized  as  small  droplets  which  col¬ 
lectively  represent  a  large  surface 
area. 

OiMWiSiMi 

Before  BPL  was  employed 
to  sterilize  chambers,  other  steril- 
ants  were  used  effectively,  but  with 
undesirable  limitations.  These  were 
imposed  by  the  chambers  them- 
*ehes.  the  corrosive  effect  of  chemi¬ 
cal  sprays,  the  formation  of  poly¬ 
mers  requiring  lengthy  neutralisa¬ 
tion  procedures,  cleansing  prob 
lems  of  the  interior  surfaces  of  the 
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chambers,  residual  traces  that  could 
::lfcct  the  validity  of  subsequent 
experiments,  and  toxicity  to 
humans. 

ftesiduerf  BPL 

The  primary  advantage  of 
BI'L  as  a  stcriiant  in  the  chambers 
ts  its  case  of  removal  after  the  steri¬ 
lization  cycle.  In  the  tests  describ¬ 
ed  here,  residual  BPI,  was  neutral¬ 
ized  by  washing  the  inside  of  the 
chamber  with  0.5  per  cent  sodium 
thiosulfate  solution.  Subsequently, 
a  series  of  measurements  to  deter¬ 
mine  residual  BPL  after  treatment 
indicated  that  the  thiosulfate  wash 
was  not  necessary.  Quantitative  as¬ 
say  for  residual  BPL  following 
treatment  without  a  thiosulfate 
wash  indicated  a  residuum  of  less 
than  one  gamma  per  liter  of  air 
within  one-half  hour  after  a  cold 
water  wash.  Of  more  critical  im¬ 
portance  than  the  chemical  assay 
is  the  biological  effect  of  using 
fastidious  vegetative  microorgan¬ 
isms.  To  date,  no  biological  inter¬ 
ference  has  been  detected  between 
tests  in  which  the  thiosulfate  was 
used  and  those  in  which  it  was 
omitted. 

CazNiiu  PnUcw 

The  use  of  any  stcriiant  in 
chambeu  raises  questions  of  cor¬ 
rosive  action  on  metal  fittings  and 
damage  to  rubber  products  such 
as  gloves  and  gaskets.  Corrosion  of 
metal  products  by  BPL  is  negligi¬ 
ble.  (3)  but  occasionally  galvanic 
corrosion  may  occur  as  in  any  bi¬ 
metallic  system.  BPL  may  have  a 
deleterious  effect  on  neoprene  pro- 
ducts  if  it  is  not  removed  with 
water  immediately  after  the  con¬ 
tact  period. 

rvrvvaHvi  rrwwHii 

BPL  is  toxic  not  only  upon 
inhalation,  but  can  alto  cause 
erythema  and  vesication  if  a  high 
concentration  of  its  vapor,  or  the 
liquid,  remains  in  contact  with  the 
skin  for  an  extended  time.  The 
vapor  of  BPL  in  low  concentra¬ 
tions  is  irritating  and  lachryma¬ 
tory.  (I)  Severe  skin  burns  have  re- 
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h.  Ir,  I'»rh  of  two  of  thaw  test*  vfabh-  reiu  were  recovered  on  one  cotton  ewali. 


Milted  limn  spills  of  lifjuid  HIM. 
ott  shoe*  and  clothing.  The  incur- 
point  ion  of  brilliant  green  dve  as 
one  part  |x-r  million  in  the  BI*I 
water  mixture  ran  aid  visual  deter- 
lion  of  BPL  tm  skin  and  clothing. 
The  presence  of  the  dye  on  cloth¬ 
ing  indicates  the  need  for  an  im¬ 
mediate  clothing  change  and 
shower  to  prevent  skin  burns.  The 
incorporation  of  the  dye  in  the 
BPL-water  mixture  does  not  lessen 
its  effectiveness,  as  a  sterilant. 
When  handling  BPL,  wearing  of 
protective  clothing,  including  rub¬ 
ber  boots,  gloves,  apron,  and  face 
shield  is  recommended. 

BPL  as  a  vapor  may  be  de¬ 
tected  by  the  gas  detection  tubes 
developed  by  the  Chemical  Corps, 
which  were  recently  incorporated 
in  Civil  Defense  survival  kits.  (1) 
The  sensitivity  of  the  detection 
tubes  is  0.002  milligram  of  BPL. 
This  test  is  based  on  the  blue  color 
caused  by  the  alkylation  of  gamma 
(p-nitrobenzyl)  pyridine  adsorbed 
on  silica  gel  inside  a  small  glass 
tube  through  which  air  is  drawn 
by  a  hand  pump.  Similar  detection 
tubes  are  also  available  com¬ 
mercially.* 

CmmImIms 

The  tests  described  indicate 
that  beta  propiolactonc  is  an  excel¬ 
lent  sterilant  for  the  air  and  sur¬ 
faces  in  dosed  chambers.  A  cal¬ 
culated  concentration  of  six  milli¬ 
grams  of  BPL  per  liter  et  air  is 
needed  at  the  beginning  of  the 
contact  period,  followed  one-half 
hour  later  by  three  milligrams  of 
BPL  per  liter  of  air  for  a  total 
contact  time  of  one  and  one-half 
hours  to  complete  the  sterilization 
A  device  that  rapidly  disseminates 
the  BPL-water  mixture  should  be 
used  to  that  a  sterilizing  concentra¬ 


tion  is  maintained  during  l he  en¬ 
tire  contact  time. 

The  quantity  of  residual 
beta-propiolactone  present  one-ball 
hour  after  commencing  the  water 
wash  following  sterilization  is  so 
negligible  that  tests  capable  of  de¬ 
tecting  one  gamma  per  liter  of  air 
did  not  indicate  the  presence  of 
beta-propiolactonc.  Tests  indicat¬ 
ed,  moreover,  that  no  neutraliza¬ 
tion  of  BPL  or  its  breakdown  pro¬ 
ducts  was  needed. 

Neoprene  products  deterior¬ 
ate  slightly  following  exposure  to 
beta-propiolactone.  This  effect  may 
not  be  detected  for  months  in  the 
case  of  thick  neoprene  valve  dia¬ 
phragms,  etc.,  but  gloves  may  be¬ 
come  tacky  after  a  single  applica¬ 
tion.  Tackiness  may  be  avoided  by 
washing  the  neoprene  product 
with  water  or  a  0.5  per  cent  solu¬ 
tion  of  sodium  thiosulfate  immedi¬ 
ately  after  contact  is  terminated. 

Copper  or  brass  products 
may  be  oxidized  sligntly  by  beta- 
propiolactone  but  not  to  a  serious 
extent.  Stainless  steel  is  not  affect- 
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may  be  accelerated  if  it  is  in  con 
tact  with  dissimilar  metals. 

The  sterilization  efficacy  of 
BPL  vapor  is  a  direct  function  of 
the  concentration,  relative  humid¬ 
ity,  and  temperature  A  tempera¬ 
ture  of  25*C.  or  higher,  and  a  re- 
latiive  humidity  between  70  and  85 
per  cent  have  proved  satisfactory. 

Particular  retention  should 
be  given  to  rceessed  areas  within 
the  chamber  to  be  sterilized,  to  as¬ 
sure  that  all  areas  can  be  reached 
by  the  heta-pmpiolauone  vapor. 

BPL  vapor  has  several  ad¬ 
vantages  over  formaldehyde  as  a 
sterilant: 


'BnO*n  CSMbsl  C*.  STS  rww  Is. 

Oom.  K.  3. 


(a)  Its  va|K»rs  are  lachry¬ 
matory,  giving  BPL  its  own  warn¬ 
ing  device,  but  are  less  irritating 
i ban  those  of  formaldehyde. 

fb)  It  does  not  jxilytneri/e 
as  readily  as  formaldehyde. 

(c)  It  is  readily  soluble  i' 

watet. 

(d)  In  aqueous  solution,  it 
lias  a  .short  half-liic,  which  may  Ik- 
reduced  further  by  iutreasiitit  rlu 
tcm|K*raturc. 

(c)  It  is  easily  removed  h\ 
air  washing. 

(f)  It  acts  more  rapine 
than  formaldehyde;  however.  m 
the  liquid  state  BPL  is  mote  toxic 
than  formaldehyde. 


ffchaawladffixfi 

We  sincerely  appreciate  the 
assistance  of  Dr.  C.  R.  Phillips  and 
Mr.  R.  K.  Hoffman  in  guiding  the 
planning  and  evaluating  of  these 
tests. 
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Appendix  A 

UktrcrttiY  Ajmt 
FrwMhvtf  Jer 
fdfPnirftltctMw 

Two  lullin'  liilmmiory  ■  >  :t,n  ■> 
arc  uscil  in  assaying  ISi’L  Tin-  tir.it  pro- 
ccilnrc  (deterioration  detection  >  is  used 
for  assay  of  ihc  liulk  jirsnlm  t ;  tile 
second  procedure  (detection  of  resMnal 
11  l*L>  is  lin’d  in  a-  say  s  mnle;  uri.a'it 
inn  low  concent rations  of  l!  PL. 

Dfftrieretioii  Defection 

The  loiner.l ration  of  BPL  in  hulk 
must  l>e  determined  immediately  upon 
receipt  and  (K-riodically  during  storage 
to  indicate  possible  deterioration  d.irinj 
transit  and  storage. 

1.  Pipette  25  milliliters  of  0.4 
molar  sodium  thiosulfate  into  a  flask 
and  add  1  milliliter  of  2  M  dibasic  pot¬ 
assium  phosphate  buffer  solution. 

2.  Weigh  out  a  sample  of  BPL  in 
a  small  glass  vial,  between  0.3  and  0.4 
gram,  known  to  the  nearest  0.1  milli¬ 
gram. 

3.  Place  the  weighed  vial  contain¬ 
ing  the  BPL  in  the  flask  containing  the 
thiosulfate-buffer  solution. 

4.  Swirl  gently  to  mix  and  allow 
to  react  for  10  to  20  minutes. 

5.  After  this  reaction  period,  wash 
down  the  sides  of  the  flask  with  about 
25  milliliters  of  water  and  titrate  with 
02  N  iodine  solution,  using  starch  as  an 
indicator. 

6.  Blanks:  All  blanks  should  be 
tun  so  as  to  simulate  run  conditions  to 

correct  for  minor  errors  that  may  occur 
when  the  thiosulfate  is  titrated  in  weak¬ 
ly  alkaline  solution.  Add  5  milliliteri  of 
sodium  acetate  before  titration. 

Per  cent  beta-propiolactone  ss 

(A—  B)  N  x  7.206. 

Wf  x  0995 

where 


A  is  milliliter  of  ituliiie  rctjnired  fm 
blank, 

11  is  milliliter  nf  iodine  reiptired  for 
run, 

N  is  normality  of  iodine,  and 

Wt  it  weight  of  sample  in  milligrams 

The  correction  factor.  0.995,  is 
based  upon  re-nlls  obtained  by  eryo- 
»copa’  analysis  anil  represents  li  e  prar- 
ti»al  product  purity. 

7.  Reagents.  Sodium  thiosulfate 
approximately  0.4  Molar 
Standard  iodine  solution  02  Normal 
I  lihasic  potassium  plwsplv.ic  buffer 
solution 

<K,HP(>,>  2  Molar 

Sodium  aietatc  1  Molar 
Starc'i  solution  0.5  per  cent 

Is1.  The  reaction  involved  in  the 
detenu, nation  is 

CH.-CHj 
<) — -C=Ox 

Na..S..O,  -  Na03S-SCH,CH,,C<)ON:, 

0.  The  above  method  of  analysis 
for  bc:a-propiolactonc  was  excerpted 
from  "Chemical  and  Cryoscopic  Analysis 
of  B-Propiolactone"  by  Willard  ?■ 
Tvlcr  and  Donald  W.  Beesing,  Analy¬ 
tical  Chemistry.  Vol.  24,  Page  1511, 
Sept.  1952. 

PtfcikH  «f  RtiMMl  BPL 

The  BPL  in  air  is  assayed  by  the 
following  procedures: 

1.  Reagents 

20  per  cent  sodium  hydroxide 
(XaOH) 

20  per  cent  hydroxylamine  hy¬ 
drochloride  (NH„OH-HG) 

FeG,  (6ksO)  10  per  cent  by 
weight  in  6N  hydrochloric  acid  (HC1) 

2.  Procedure 

a.  Immediately  prior  to  sampl¬ 
ing,  place  2.5  milliliter  each  of  NaOH 
and  XH,OH-HG  solutions  in  the  gas 
washing  bottle  (Drcschscl)  for  collect¬ 
ing  the  aerosol  sample. 

b.  Draw  a  measured  volume  of 
air  containing  BPL  through  the  bubbler. 

c.  Add  three  milliliters  of  Fe€ta 

reagent. 

d.  Shake  bubbler  to  remove  en¬ 
trapped  air. 

c.  Dilute  to  100  milliliter  with 
distilled  water. 
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(.  If  •»  greater  volitlll-  nf  re 
agents  is  reipiirefl  because  nf  high  I’.l’l. 
intitcni  nf  tlie  sample,  add  |ii'ii(«>rtioiiair- 
Iv  more  reagents,  i  «• ,  25  milliliters 
Nat  HI  plus  2.4  milliliter*  N'lL.Olf  I  HI 
|tlils  3  milliliters  I’YCI 

g.  Check  sample,  nf  tile  tc*l 
si  .ii  1 1  in:  i  fur  light  traustuissinu  in  an 
eleetrn|ihntnineter.  Compare  with  a  re 
agent  Idank  that  does  nut  contain  BPL. 
A  blank  is  prepared  with  live  milliliters 
of  the  XaOll  solution,  live  milliliters  nf 
the  XII..OH-HCI.  solution,  and  six 
milliliters  FeCI.,  solution.  The  mixture 
is  brought  to  100  milliliters  with  dis¬ 
tilled  water.  The  blank  is  used  to  ubtaitt 
a  aero  reading  after  the  elcCtrophoto- 
rncter  is  nulled.  A  525-niillimit  ron  filter 
is  used  for  all  determinations. 

!i.  Tlte  value  obtained  by  deduct¬ 
ing  the  reading  of  the  blank  from  the 
reading  nf  the  test  solution  can  then 
lie  compared  with  a  siardard  curve  to 
obtain  the  milligrams  of  BPL  contained 
in  the  sample. 

Appendix  B 
Dintalaadny  Devices 

The  sources  of  PPL  disseminat¬ 
ing  devices  found  to  be  satisfactory  list¬ 
ed  below  represent  only  those  types  test¬ 
ed  or  u*ed  at  Fort  Detrick.  This  list 
probably  docs  not  include  others  com¬ 
mercially  available,  and  is  not  to  be  con¬ 
strued  as  an  endorsement  of  the  manu¬ 
facturer’s  product. 

Pulse  Jet  M3A3  Smoke  Generator 
Army  Chemical  Center 
Edgtvood,  Aid. 

Hydromist  Vaporiser 
Arnold  Laboratories 
2507  S.  Main  St. 

Los  Angeles 
Tokhcim  Vaporizer 
1672  Wabash  Ave. 

Ft.  Wayne,  Ind. 

Todd  Inscrticida'  Fog  Applicator 
Army  Chemical  Center 
Edgewood.  Md. 

Challenger  Vaporiser 
Z  ft  W  Jet  Sprayer  Model  S100C 
Z  ft  W  Manufacturing  Cory. 

30240  Lokelaid  EM. 

Wkkliffe.  O. 


